Plants of Zea mays were grown with different concentrations of nitrate (0.6, 4, 12, and 24 millimolar) and phosphate (0.04, 0.13, 0.53, and 1.33 millimolar) supplied to the roots, photon flux densities (0.12, 0.5, and 2 millimoles per square meter per second), and ambient partial pressures of CO2 (305 and 610 microbars). Differences in mineral nutrition and irradiance led to a large variation in rate of CO2 assimilation per unit leaf area (A, 11 to 58 micromoles per square meter per second) when measured under standard conditions. The variation was shown, with the plants that had received different amounts of nitrate, to be related to variations in the nitrogen and chlorophyll contents, and phosphoenolpyruvate and ribulose-1,5-bisphosphate carboxylase activities per unit leaf area. Irrespective of growth treatment, A and leaf conductance to CO2 transfer (g), measured under standard conditions were in almost constant proportion, implying that intercellular partial pressure of CO2 (pJ) was almost constant at 95 microbars. The same proportionality was maintained as A and g increased in an initially nitrogen-deficient plant that had been supplied with abundant nitrate. It was shown that Pi measured at a given ambient partial pressure was not affected by the ambient partial pressure at which the plants had been grown, although it was different when measured at different ambient partial pressures. This suggests that the close coupling between A and g in these experiments is not associated with sensitivity of stomata to change in pi.
partial pressure at which the plants had been grown, although it was different when measured at different ambient partial pressures. This suggests that the close coupling between A and g in these experiments is not associated with sensitivity of stomata to change in pi.
Similar, though less comprehensive, experiments were done with Gossypium hirsutum, and yielded similar conclusions, except that the proportionality between A and g at normal ambient partial pressure of CO2 implied Pi = 200 microbars.
In a previous paper (8) we found that response of leaf conductance, g,' in leaves of Eucalyptus pauciflora, to change in photon flux density, I, was similar to response of rate of CO2 assimilation, A, to I. Thus, intercellular partial pressure of C02, pi, remained almost constant (257-243,ubar) when I changed 8- fold from 0.25 to 2 mmol m-2 s-'. We also showed that the sensitivity of stomata to change in partial pressure of CO2 was too small to maintain pi so nearly constant; the variation in aperture was almost entirely due to a direct response of the variation of I. Following that study, we designed several experiments to further explore the relationship between leaf conduct-'Abbreviations: g, conductance to CO2 transfer, mol m-2 s-'; A, rate of CO2 assimilation, umol m-2 s-'; I, photon flux density (400-700 nm), mmol m-2 s-'; Pa, ambient partial pressure of CO2, gbar; Pi, intercellular partial pressure of CO2Z gbar; PEP, phosphoenolpyruvate; RuP2, ribulose-1 ,5-bisphosphate.
ance and rate of assimilation. A brief summary of the results has been published (9) . In these experiments, to be described in detail in this and subsequent papers (10, 11) , the intrinsic capacity of leaf mesophyll tissue for photosynthesis was varied in a number of ways, involving different time scales. Although the means by which changes in conductance were attuned to changes in mesophyll capacity may have been quite different over the different time scales, the effect was that A and g were uniquely related in a given species, in such a way that pi was almost constant.
In this paper we describe measurements of A and g in plants in which different photosynthetic capacities had been brought about by different nitrogen and phosphorus nutrition treatments, different photon flux densities during growth, and differing partial pressures of CO2 during growth.
MATERIALS AND METHODS
Plant Material. Seeds ofZea mays L. and Gossypium hirsutum L. were sown in 5-L plastic pots containing sterilized garden soil. After emergence, seedlings were thinned from four to one per pot to obtain uniform plants. Plants ,ul/l ambient concentration ofC02, equivalent to 305 jibar partial pressure at the altitude of Canberra. This was the concentration closest to normal ambient concentration that could conveniently be obtained using a Wosthoff pump gas mixing system. The estimation of conductance, g, is described in the Appendix. It refers to transfer of CO2 across the leaf epidermis and an external gas phase having an effective boundary layer conductance of 0.58 mol CO2 m 2 s-'. (7, 8) . Briefly, rates of transpiration of water vapor and assimilation of CO2 were measured independently for both sides of a leaf using a small, double-sided glass and aluminum leaf-chamber clamped to the leaf. The whole leaf data presented in this paper were obtained by summing the fluxes at each side. Leaf temperature and vapor pressure difference between leaf and air were maintained at 30°C and 20 mbar, respectively. Except where otherwise stated, the photon flux density at the illuminated leaf surface was where Pa is the effective ambient partial pressure of CO2 and P is total gas pressure. The second expression in parentheses allows for the influence of vapor efflux on CO2 transfer (1, 6). It was small in the conditions of our experiment, being approximately 8 and 3% of the first term with C3 and C4 plants, respectively. Equation 1 shows that the approximately proportional relationships between A and g that will be evident in the data to be presented imply approximate constancy in p,.
Enzyme Activity Measurements. PEP carboxylase and RuP2 carboxylase activities were determined in each leaf used in gas exchange measurement. The assay temperature was 30°C. The assay method, in which crude enzyme extract and NaH'4CO3 as substrate are used has been described previously (7) .
RESULTS
The relative increases in A and g with time in a Z. mays plant that had been grown with low availability of nitrogen and was then supplied with adequate nitrogen were similar at any particular magnitude ofpa (except possibly at the lowest partial pressure used, Pa = 95 ,ubar), with the corollary that Pi remained almost constant (Figs. 1 and 2) . The proportionality between A and g measured at Pa = 305 Mbar was similar to that found within groups of Z. mays plants that had been grown with various levels of nitrate, various levels of phosphate, and various photon flux densities (Fig. 3) . The different growth treatments led to large differences in A and g, and there were also differences due to natural variation among plants having the same treatment. But whatever the source of variation, the relationship between assimilation rate and conductance was closely approximated by the one relationship A = 204g x 10, implying that pi was approximately constant at 95 ubar (Fig. 4) . Figures 3a and 4 Figure 5 . The difference in pi between Z. mays and G. hirsutum is typical of the differences between C4 and C3 species in general, although Table I indicates there is a slight variation in pi among species having the same photosynthetic pathway.
To understand mechanisms it is useful to know whether pi is similar in plants grown at different ambient partial pressures of CO2. Two populations of Z. mays plants were treated similarly except that one was grown with Pa = 320 gbar, and the other with Pa = 640 sbar (Fig. 6) . For both treatments A = 204g x 101 (as with the data shown in Fig. 3 result was found with G. hirsutum (Fig. 6b) (Figs. 2 and 3) . The variations in A were undoubtedly due to variations in the characteristics of photosynthetic carbon metabolism in the leaf mesophyll, brought about primarily by differences in growth conditions. That is demonstrated in the case of plants having differing levels of nitrogen nutrition by the A(pi) relationships in Figure 1 , and by the dependencies of A on leaf nitrogen content, Chl content, and enzyme activities shown in Figure 5 .
That the relationships between A and g happen to be linear, with the corollary that pi was nearly constant, is probably not of fundamental importance. In fact, there was a slight tendency, to be discerned in Figure 4 , for pi to decrease with increases in A and g. But given Pa demonstrated in our results does have an implication, however. The differences in g associated with differences in A were not affected by sensitivity of the stomata to partial pressure of CO;. The sensitivity of the stomata to change in pi was, in any case, small (3, 4, 8) . The characteristics in Figures I and 2 , typical of many we have determined in Z. mays, shows that the response ofg to change in pi was inadequate to prevent substantial change in pi with change in pa. Figure 6 shows that the tendency for the stomata to adjust to maintain p, constant was no greater in the long term than in the short.
Having ruled out pi as a possible link, we are left with the question: what is responsible for the single relationship between A and g that is maintained when differences in A and g are due to differences in nitrogen nutrition, phosphorus nutrition, light during growth, and natural variation among plants having had the same growth treatment? Perhaps guard cell metabolism and leaf mesophyll metabolism had been influenced by growth independently, but in such a way that a single relationship between A and g was maintained. Or it may be that stomatal function was partially controlled by mesophyll function, the signal being transmitted via the epidermis rather than the intercellular air space (2, 5, 9) . These possibilites require investigation. 
